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Fig. 3

A gain characteristic of a first amplification unit
obtained when the inventive concept is not applied
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Fig. 4

A phase margin characteristic of a first amplification unit
obtained when the inventive concep! is not applied
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Fig. 5

A gain characteristic of a system loop obtained when
the inventive concept is not applied
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Fig. 6

A phase margin characteristic of a system loop obtained when
the inventive concept is not applied
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Fig. 7

A gain characteristic of a first amplification unit
obtained when only a capacitor is connected according to
the inventive concept
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Fig. 8

A phase margin characteristic of a first amplification unit
obtained when only a capacitor is connected according to
the inventive concept
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Fig. 9

A gain characteristic of a system loop obtained when only
a capacitor is connected according to the inventive concept
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Fig. 10

A phase margin characteristic of a system loop obtained when
only a capacitor is connected according to
the inventive concept
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Fig. 12

A gain characteristic of a first amplification unit
obtained when a capacitor and a resistor are connected

according to the inventive concept
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Fig. 13

A phase margin characteristic of a first amplification unit
obtained when a capacitor and a resistor are connected

according to the inventive concept
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Fig. 14

A gain characteristic of a system loop obtained when

a capacitor and a resistor are connected according to
the inventive concept
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Fig. 15

A phase margin characteristic of a system loop obtained when
a capacitor and a resistor are connected according to
the inventive concept
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1
FULLY DIFFERENTIAL SIGNAL SYSTEM
INCLUDING COMMON MODE FEEDBACK
CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 of Korean Patent Application
No. 10-2014-0016123, filed on Feb. 12, 2014, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field

The inventive concepts disclosed herein relate to a fully
differential signal system, and more particularly, to a fully
differential signal system operating stably and having high
performance with a common mode feedback circuit.

2. Description of the Related Art

A fully differential signal system is widely used for an
integrated circuit design. When the fully differential signal
system is used, an integrated circuit having a high power
supply rejection ratio characteristic may be implemented.
Moreover, even if noise occurs in a system on chip circuit,
the fully differential signal system may transmit a proper
signal without being affected from the noise. Furthermore,
when the fully differential signal system is used, an even
order harmonic distortion that degrades the accuracy of a
signal may be reduced.

In general, the fully differential signal system includes a
common mode feedback circuit. The common mode feed-
back circuit is used for constantly maintaining a DC oper-
ating point of the fully differential signal system. If the
common mode feedback circuit is not included, especially,
in a system operating at a low voltage, a DC operating point
may leave a saturation region due to a mismatch between
elements, a fluctuation in power supply, and a process error.
That is, when the common mode feedback circuit is not
included, the fully differential signal system may not operate
appropriately. When the fully differential signal system
includes the common mode feedback circuit, it may become
insensitive to a mismatch between elements, a fluctuation in
power supply, and a process error.

In order to constantly maintain a DC operating point of
the fully differential signal system including the common
mode feedback circuit, a DC gain of a system loop needs to
be sufficiently large. In addition, in order to prevent the
decrease of an operation speed of the fully differential signal
system, a unity gain bandwidth of the fully differential signal
system needs to be greater than a frequency of an input
signal. That is, the unit gain bandwidth of the fully differ-
ential signal system needs to be sufficiently large. Addition-
ally, a common mode feedback circuit which is capable of
processing all signals included in a swing range of an output
signal of the fully differential signal system needs to be
designed. The above conditions may be satisfied by adjust-
ing the gain and the bandwidth of an amplifier as well as a
proper circuit design.

Furthermore, in order to properly operate the fully dif-
ferential signal system including the common mode feed-
back circuit, loop compensation for a stable operation of a
system needs to be performed. In addition, the performance
of the fully differential signal system needs to be maintained
when the common mode feedback circuit is connected. If the
fully differential signal system operates unstably or its
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performance is deteriorated, this means that the fully dif-
ferential signal system is not designed properly.

SUMMARY OF THE INVENTION

The inventive concept provides a fully differential signal
system operating stably and having high performance with
a common mode feedback circuit. In an embodiment of the
inventive concept, in order to obtain the stability and high
performance of a fully differential signal system, a stabili-
zation unit may be connected to the fully differential signal
system. As the stabilization unit is connected, a frequency at
which the pole of the fully differential signal system is
formed may be adjusted. Furthermore, as a zero is formed,
the pole of the fully differential signal system may be
compensated.

Embodiments of the inventive concept provide fully dif-
ferential signal systems including a first amplification unit
including first and second output terminals for outputting an
output differential signal generated based on an input dif-
ferential signal and a common mode feedback signal; a
common mode detection unit for detecting a common mode
signal included in the output differential signal; a second
amplification unit including a feedback signal output termi-
nal for outputting the common mode feedback signal gen-
erated based on the detected common mode signal and a
reference signal; a first stabilization unit connected between
the first output terminal and the feedback signal output
terminal; and a second stabilization unit connected between
the second output terminal and the feedback signal output
terminal.

In some embodiments, the first amplification unit may be
a feedforward compensation operational transconductance
amplifier.

In other embodiments, the second amplification unit may
be a single stage operational transconductance amplifier.

In still other embodiments, the first stabilization unit may
be a first capacitor connected between the first output
terminal and the feedback signal output terminal; and the
second stabilization unit may be a second capacitor con-
nected between the second output terminal and the feedback
signal output terminal.

In even other embodiments, the first and second capaci-
tors may have the same capacitance value.

In yet other embodiments, the first stabilization unit may
include a first resistor and a first capacitor that are connected
in series between the first output terminal and the feedback
signal output terminal; and the second stabilization unit may
include a second resistor and a second capacitor that are
connected in series between the second output terminal and
the feedback signal output terminal.

In further embodiments, the first and second resistors may
have the same resistance value; and the first and second
capacitors may have the same capacitance value.

In still further embodiments, according to the first and
second capacitors, a value of a first frequency at which a first
pole is formed may be controlled to be reduced and a value
of a second frequency of which value is greater than the
value of the first frequency and at which a second pole is
formed may be controlled to be increased.

In even further embodiments, according to the first and
second resistors, a zero may be controlled to be formed at a
third frequency having a value greater than the value of the
second frequency and the second pole may be controlled to
be compensated by the formed zero.

In other embodiments of the inventive concept, fully
differential signal systems include a first amplification unit
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including first and second output terminals for outputting an
output differential signal generated based on an input dif-
ferential signal and a common mode feedback signal; a
common mode detection unit for detecting a common mode
signal included in the output differential signal; a second
amplification unit including a feedback signal output termi-
nal for outputting the common mode feedback signal gen-
erated based on the detected common mode signal and a
reference signal; a first stabilization unit including a first
resistive unit and a first capacitive unit, wherein the first
resistive unit and the first capacitive unit are connected in
series, one end of the first resistive unit and one end of the
first capacitive unit are connected to each other, the other
end of the first resistive unit is connected to one of the first
output terminal and the feedback signal output terminal, and
the other end of the first capacitive unit is connected to one
that is not connected to the other end of the first resistive unit
from among the first output terminal and the feedback signal
output terminal; and a second stabilization unit including a
second resistive unit and a second capacitive unit, wherein
the second resistive unit and the second capacitive unit are
connected in series, one end of the second resistive unit and
one end of the second capacitive unit are connected to each
other, the other end of the second resistive unit is connected
to one of the second output terminal and the feedback signal
output terminal, and the other end of the second capacitive
unit is connected to one that is not connected to the other end
of the second resistive unit from among the second output
terminal and the feedback signal output terminal.

In some embodiments, according to the first and second
capacitive units, a value of a first frequency at which a first
pole is formed may be controlled to be reduced and a value
of a second frequency of which value is greater than the
value of the first frequency and at which a second pole is
formed may be controlled to be increased.

In other embodiments, according to the first and second
resistive units, a zero may be controlled to be formed at a
third frequency having a value greater than the value of the
second frequency and the second pole may be controlled to
be compensated by the formed zero.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the
inventive concept and, together with the description, serve to
explain principles of the inventive concept. In the drawings:

FIGS. 1 and 2 are block diagrams illustrating configura-
tions of a fully differential signal system according to
embodiments of the inventive concept;

FIGS. 3 to 6 are graphs for illustrating an operation of a
fully differential signal system when an embodiment of the
inventive concept is not applied;

FIGS. 7 to 10 are graphs for illustrating an effect obtained
when a capacitor is connected to a fully differential signal
system according to an embodiment of the inventive con-
cept;

FIG. 11 is a block diagram illustrating a configuration of
a fully differential signal system according to another
embodiment of the inventive concept;

FIGS. 12 to 15 are graphs for illustrating an effect
obtained when a capacitor and a resistor are connected to a
fully differential signal system according to an embodiment
of the inventive concept; and
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FIG. 16 is a block diagram illustrating a configuration of
a fully differential signal system according to another
embodiment of the inventive concept.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The above-described characteristics and the following
detailed description are merely examples for helping the
understanding of the inventive concept. That is, the inven-
tive concept may be embodied in different forms and should
not be constructed as limited to the embodiments set forth
herein. The following embodiments are merely examples for
completely disclosing the inventive concept and for deliv-
ering the inventive concept to those skilled in the art that the
inventive concept belongs. Therefore, in the case where
there are multiple methods for implementing the elements of
the inventive concept, the inventive concept may be imple-
mented with any of the methods or an equivalent thereof.

When it is mentioned that a certain configuration includes
a specific element or a certain process includes a specific
step, another element or another step may be further
included. That is, the terms used herein are not for limiting
the concept of the inventive concept, but for describing a
specific embodiment. Furthermore, the embodiments
described herein include complementary embodiments
thereof.

The terms used herein have meanings that are generally
understood by those skilled in the art. The commonly used
terms should be consistently interpreted according to the
context of the specification. Furthermore, the terms used
herein should not be interpreted as overly ideal or formal
meanings, unless the meanings of the terms are clearly
defined. Hereinafter, the embodiments of the inventive con-
cept will be described with reference to the accompanying
drawings.

FIG. 1 is a block diagram illustrating a configuration of a
fully differential signal system according to an embodiment
of the inventive concept. A fully differential signal system
100 includes a first amplification unit 110, a common mode
detection unit 120, a second amplification unit 130, a first
stabilization unit 140, and a second stabilization unit 150.

The first amplification unit 110 may receive an input
differential signal P_IN and N_IN. Furthermore, the first
amplification unit 110 may receive a common mode feed-
back signal CMF. The common mode feedback signal CMF
is a signal for maintaining a DC operating point of the first
amplification unit 110. The common mode feedback signal
CMF may be provided from the second amplification unit
130. The operation of the second amplification unit 130 is
described below. The first amplification unit 110 may gen-
erate an output differential signal P_OUT and N_OUT. The
first amplification unit 110 may include a first output termi-
nal OUT_1 and a second output terminal OUT_2 for out-
putting the output differential signal P_OUT and N_OUT,
respectively. Therefore, the fully differential signal system
100 may transmit signals properly without significantly
being affected by noise.

The common mode detection unit 120 may receive the
output differential signal P_OUT and N_OUT. As an
embodiment of the inventive concept, the common mode
detection unit 120 may be connected to the first output
terminal OUT_1 and the second output terminal OUT_2 of
the first amplification unit 110. The common mode detection
unit 120 may detect a common mode signal included in the
output differential signal P_OUT and N_OUT. The common
mode signal, for instance, may be noise included in power
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supply. The common mode detection unit 120 may generate
the detected common mode signal DCM based on a detec-
tion result.

The second amplification unit 130 may receive the
detected common mode signal DCM. Furthermore, the
second amplification unit 130 may receive a reference signal
REF. The second amplification unit 130 may generate the
common mode feedback signal CMF based on the detected
common mode signal DCM and the reference signal REF.
For instance, the reference signal REF may be generated by
a voltage generator, however, the inventive concept is not
limited thereto. The second amplification unit 130 may
include a feedback signal output terminal OUT_F for out-
putting the common mode feedback signal CMF. The com-
mon mode feedback signal CMF may be provided to the first
amplification unit 110. When the fully differential signal
system 100 includes a common mode feedback circuit
formed by a loop along the common mode detection unit 120
and the second amplification unit 130, it may be insensitive
to a mismatch between elements, a fluctuation of power
supply, and a process error.

As an embodiment of the inventive concept, the first
amplification unit 110 and the second amplification unit 130
may include an operational transconductance amplifier
(OTA). As an embodiment of the inventive concept, the first
amplification unit 110 may include a feedforward compen-
sation OTA. As an embodiment of the inventive concept, the
second amplification unit 130 may include a single stage
OTA. However, the first amplification unit 110 and the
second amplification unit 130 may include different kinds of
amplifiers. That is, it is apparent that the inventive concept
is not limited to the above embodiments.

The first stabilization unit 140 may be connected between
the first output terminal OUT_1 of the first amplification unit
110 and the feedback signal output terminal OUT_F of the
second amplification unit 130. The second stabilization unit
150 may be connected between the second output terminal
OUT_2 of the first amplification unit 110 and the feedback
signal output terminal OUT_F of the second amplification
unit 130. In an embodiment of the inventive concept,
according to the first stabilization unit 140 and the second
stabilization unit 150, the fully differential signal system 100
may operate stably. In another embodiment of the inventive
concept, according to the first stabilization unit 140 and the
second stabilization unit 150, an operation performance of
the fully differential signal system 100 may be improved
while the fully differential signal system 100 stably operates.

Configurations of the first stabilization unit 140 and the
second stabilization unit 150 may be described in detail with
reference to FIGS. 2, 11, and 16. Then, effects obtained
according to the first stabilization unit 140 and the second
stabilization unit 150 are described in detail with reference
to FIGS. 3 to 10 and 12 to 15.

FIG. 2 is a block diagram illustrating a configuration of a
fully differential signal system according to an embodiment
of the inventive concept. A fully differential signal system
200 includes a first amplification unit 210, a common mode
detection unit 220, a second amplification unit 230, a first
stabilization unit 240, and a second stabilization unit 250.
Configuration and functions of the first amplification unit
210, the common mode detection unit 220, the second
amplification unit 230, the first stabilization unit 240, and
the second stabilization unit 250 may include configurations
and functions of'the first amplification unit 110, the common
mode detection unit 120, the second amplification unit 130,
the first stabilization unit 140, and the second stabilization
unit 150 of FIG. 1, respectively. In relation to FIG. 1,
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overlapping descriptions on the first amplification unit 210,
the common mode detection unit 220, the second amplifi-
cation unit 230, the first stabilization unit 240, and the
second stabilization unit 250 are omitted.

As an embodiment of the inventive concept, the first
stabilization unit 240 may include a first capacitor C1. The
first capacitor C1 may be connected between a first output
terminal OUT_1 of the first amplification unit 210 and a
feedback signal output terminal OUT_F of the second
amplification unit 230. As an embodiment of the inventive
concept, the second stabilization unit 250 may include a
second capacitor C2. The second capacitor C2 may be
connected between a second output terminal OUT_2 of the
first amplification unit 210 and the feedback signal output
terminal OUT_F of the second amplification unit 230. In the
above embodiment, the first capacitor C1 and the second
capacitor C2 may have the same capacitance value.

The above embodiments are just examples for helping
understanding the inventive concept, and the inventive con-
cept is not limited thereto. That is, the first stabilization unit
240 and the second stabilization unit 250 may have different
configurations. Effects obtained according to the above
embodiments are described in detail with reference to FIGS.
3 to 10.

Graphs of FIGS. 3 to 10 and 12 to 15 are results obtained
when the feedforward compensation OTA and the single
state OTA are used as the first amplification unit 110 and the
second amplification unit 130, respectively.

FIGS. 3 to 6 are graphs for illustrating an operation of a
fully differential signal system when an embodiment of the
inventive concept is not applied. That is, FIGS. 3 to 6 are
graphs for illustrating an operation of a fully differential
system 100 of FIG. 1 when a first stabilization unit 140 of
FIG. 1 and a second stabilization unit 150 of FIG. 1 are not
connected to the fully differential signal system 100.

FIG. 3 is a graph for illustrating a gain characteristic of the
first amplification unit 110 when the inventive concept is not
applied. A value of a DC gain of the first amplification unit
110 is about 57.01 dB. A value of a unity gain bandwidth of
the first amplification unit 110 is about 1.35 GHz (see the
point A).

FIG. 4 is a graph for illustrating a phase margin charac-
teristic of the first amplification unit 110 when the inventive
concept is not applied. A value of a phase margin of the first
amplification unit 110 is about 61.1° (see the point B). Since
the value of the phase margin of the first amplification unit
110 is greater than 60°, the first amplification unit 110 may
operate stably. That is, referring to FIGS. 3 and 4, the first
amplification unit 110 may operate stably with a sufficient
gain.

FIG. 5 is a graph for illustrating a gain characteristic of a
system loop including the first amplification unit 110, a
common mode detection unit 120 of FIG. 1, and a second
amplification unit 130 of FIG. 1 when the inventive concept
is not applied. A value of a DC gain of the system loop is
about 49.0 dB. A value of a unity gain bandwidth of the
system loop is about 167 MHz (see the point C).

FIG. 6 is a graph for illustrating a phase margin charac-
teristic of the system loop when the inventive concept is not
applied. A value of a phase margin of the system loop is
about —14.3° (see the point D1). Since the value of the phase
margin of the system loop is negative, the fully differential
signal system 100 may operate unstably. In this case, the
fully differential signal system 100 may oscillate depending
on an operation environment.

Referring to FIGS. 5 and 6, the fully differential signal
system 100 has a sufficient gain, but its operation may be
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unstable. Accordingly, loop compensation for a stable opera-
tion of the fully differential signal system 100 needs to be
performed. For a stable operation of the fully differential
signal system 100, a method of increasing a value of a
frequency at which a first pole (i.e., a point where a value of
a phase margin is 135°, see the point D2) is formed and
increasing a value of a frequency at which a second pole
(i.e., a point where a value of a phase margin is 45°, see the
point D3) is formed may be used. When this method is used,
a value of a phase margin of a system loop may be increased.
However, there is a physical limitation in realizing this
method.

Accordingly, for a stable operation of the fully differential
signal system 100, another method is needed. In an embodi-
ment of the inventive concept, a method of decreasing the
value of the frequency at which the first pole (see the point
D2) is formed and increasing the value of the frequency at
which the second pole (see the point D3) is formed is used.
When this method is used, the value of the phase margin of
the system loop may be increased and the fully differential
signal system 100 may operate stably.

FIGS. 7 to 10 are graphs for illustrating effects obtained
when a capacitor is connected to a fully differential signal
system according to an embodiment of the inventive con-
cept. That is, FIGS. 7 to 10 are graphs for illustrating an
operation of a fully differential signal system 200 of FIG. 2.

FIG. 7 is a graph for illustrating a gain characteristic of a
first amplification unit 210 of FIG. 2 in the fully differential
signal system 200. A value of a DC gain of the first
amplification unit 210 is about 57.1 dB. A value of a unity
gain bandwidth of the first amplification unit 210 is about
0.991 GHz (see the point E).

FIG. 8 is a graph for illustrating a phase margin charac-
teristic of the first amplification unit 210 in the fully differ-
ential signal system 200. A value of a phase margin of the
first amplification unit 210 is about 48.7° (see the point F).
According to FIGS. 7 and 8, even when a capacitor is
connected, a value of a DC gain of the first amplification unit
210 does not significantly change. However, a value of a
unity gain bandwidth of the first amplification unit 210 is
reduced by about 26%. Additionally, a value of a phase
margin value of the first amplification unit 210 is reduced.
That is, due to a connection of a capacitor, the performance
of the first amplification unit 210 is somewhat deteriorated.
This is because an effect as if the load of the first amplifi-
cation unit 210 is increased by a connection of a capacitor
occurs.

FIG. 9 is a graph for illustrating a gain characteristic of a
system loop including the first amplification unit 210, a
common mode detection unit 220 of FIG. 2, and a second
amplification unit 230 of FIG. 2 in the fully differential
signal system 200. A value of a DC gain of the system loop
is about 49.0 dB. A value of a unity gain bandwidth of the
system loop is about 26.7 MHz (see the point G).

FIG. 10 is a graph for illustrating a phase margin char-
acteristic of the system loop of the fully differential signal
system 200. A value of a phase margin of the system loop is
about 69.2° (see the point H1). Compared to the case that a
capacitor is not connected (refer to FIG. 6), it is shown that
a value of a phase margin of the system loop increases
greatly. Since a phase margin of the system loop has a value
greater than 60°, the fully differential signal system 200 may
operate stably. This is because a value of a frequency at
which the first pole is formed (see the point H2) is decreased
and a value of a frequency at which the second pole is
formed (see the point H3) is increased according to a
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connection of a capacitor. That is, loop compensation may
be performed by a connection of a capacitor.

Referring to FIGS. 7 to 10, the fully differential signal
system 200 including a capacitor may operate stably. How-
ever, a value of a unity gain bandwidth of the first ampli-
fication unit 210 is reduced by the connection of the capaci-
tor. Due to this, the fully differential signal system 200
according to the embodiment of FIG. 2 may be utilized
usefully when a frequency of an input signal is low. How-
ever, even though the fully differential signal system 200
according to the embodiment of FIG. 2 may operate stably,
it may not be utilized usefully when a frequency of an input
signal is high. Therefore, it is necessary to design a fully
differential signal system operating stably with high perfor-
mance.

FIG. 11 is a block diagram illustrating a configuration of
a fully differential signal system according to another
embodiment of the inventive concept. A fully differential
signal system 300 includes a first amplification unit 310, a
common mode detection unit 320, a second amplification
unit 330, a first stabilization unit 340, and a second stabili-
zation unit 350. Configuration and functions of the first
amplification unit 310, the common mode detection unit
320, the second amplification unit 330, the first stabilization
unit 340, and the second stabilization unit 350 may include
configurations and functions of the first amplification unit
110, the common mode detection unit 120, the second
amplification unit 130, the first stabilization unit 140, and
the second stabilization unit 150 of FIG. 1, respectively. In
relation to FIG. 1, overlapping descriptions on the first
amplification unit 310, the common mode detection unit
320, the second amplification unit 330, the first stabilization
unit 340, and the second stabilization unit 350 are omitted.

As an embodiment of the inventive concept, the first
stabilization unit 340 may include a first resistor R1 and a
first capacitor C1. The first resistor R1 and the first capacitor
C1 may be connected in series. The first resistor R1 and the
first capacitor C1 may be connected between a first output
terminal OUT_1 of the first amplification unit 310 and a
feedback signal output terminal OUT_F of the second
amplification unit 330. As an embodiment of the inventive
concept, the second stabilization unit 350 may include a
second resistor R2 and a second capacitor C2. The second
resistor R2 and the second capacitor C2 may be connected
in series. The second resistor R2 and the second capacitor C2
may be connected between a second output terminal OUT_2
of the first amplification unit 310 and the feedback signal
output terminal OUT_F of the second amplification unit
330. In the above embodiments, the first resistor R1 and the
second resistor R2 may have the same resistance value.
Also, the first capacitor C1 and the second capacitor may
have the same capacitance value.

The above embodiments are just examples for helping
understanding the inventive concept, and the inventive con-
cept is not limited thereto. That is, the first stabilization unit
340 and the second stabilization unit 350 may have different
configurations. For example, the position of the first resistor
R1 and the position of the first capacitor C1 may be
interchangeable. Additionally, the position of the second
resistor R2 and the position of the second capacitor C2 may
be interchangeable. That is, it is enough that the first
stabilization unit 340 includes a serial connection of the first
resistor R1 and the first capacitor C1. Additionally, it is
enough that the second stabilization unit 350 includes a
serial connection of the second resistor R2 and the second
capacitor C2.
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Effects obtained according to the above embodiments are
described in detail with reference to FIGS. 12 to 15. How-
ever, effects obtained by a connection of the first capacitor
C1 and the second capacitor C2 are same as that described
with reference to FIGS. 7 to 10. Accordingly, effects
obtained by a connection of the first resistor R1 and the
second resistor R2 are further described.

FIGS. 12 to 15 are graphs for illustrating effects obtained
when a capacitor and a resistor are connected to a fully
differential signal system according to an embodiment of the
inventive concept. That is, FIGS. 12 to 15 are graphs for
illustrating an operation of a fully differential signal system
300 of FIG. 11.

FIG. 12 is a graph for illustrating a gain characteristic of
a first amplification unit 310 of FIG. 11 in the fully differ-
ential signal system 300. A value of a DC gain of the first
amplification unit 310 is about 57.01 dB. A value of a unity
gain bandwidth of the first amplification unit 310 is about
1.32 GHz (see the point J).

FIG. 13 is a graph for illustrating a phase margin char-
acteristic of the first amplification unit 310. A value of a
phase margin of the first amplification unit 310 is about
65.0° (see the point K). In FIGS. 12 and 13, it is shown that
a value of a unity gain bandwidth of the first amplification
unit 310 is increased again by an additional connection of a
resistor. Additionally, it is shown that a value of a phase
margin of the first amplification unit 310 is increased again.
That is, as a resistor is connected additionally, the perfor-
mance of the first amplification unit 310 is not deteriorated.
This is because an effect as if the load of the first amplifi-
cation unit 310 is increased by a connection of a capacitor
is compensated by an additional connection of a resistor.
Rather, the performance and stability of the first amplifica-
tion unit 310 is further improved when a capacitor and a
resistor are connected as compared to when they are not
connected to a fully differential signal system.

FIG. 14 is a graph for illustrating a gain characteristic of
a system loop including the first amplification unit 310, a
common mode detection unit 320 of FIG. 11, and a second
amplification unit 330 of FIG. 11 in the fully differential
signal system 300. A value of a DC gain of the system loop
is about 49.0 dB. A value of a unity gain bandwidth of the
system loop is about 26.6 MHz (see the point L).

FIG. 15 is a graph for illustrating a phase margin char-
acteristic of the system loop. A value of a phase margin of
the system loop is about 76.0° (see the point MD. As
compared to the case that a capacitor and a resistor are not
connected, it is shown that a value of a phase margin of the
system loop is significantly increased. That is, the fully
differential signal system 300 may operate stably. This is
because a value of a frequency at which the first pole (see the
point M2) is formed is decreased and a value of a frequency
at which the second pole is formed is increased.

Furthermore, as compared to the case that only a capacitor
is connected, it is shown that a value of a phase margin of
the system loop is further increased. This is because as a
resistor is connected additionally, a zero (i.e., a point where
a value of a phase margin is 90°, see the point M3) is formed
at a frequency having a value greater than a value of a
frequency at which the second pole is formed. Since the
second pole is compensated by the formed zero, a value of
a phase margin of the system loop may be further increased.

Referring to FIGS. 12 to 15, the fully differential signal
system 300 including a capacitor and a resistor may operate
stably. Furthermore, according to the additional connection
of a resistor, the characteristic of the system loop and the
first amplification unit 310 may be improved. Accordingly,
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10
the fully differential signal system 300 of FIG. 11 may be
utilized usefully even when a frequency of an input signal is
high.
The characteristic values mentioned with reference to
FIGS. 2 to 15 are summarized in the following Table 1.

TABLE 1

The in- Only a A capacitor and
ventive capacitor a resistor
concept is connected are connected
is not  according to the  according to the
applied inventive concept inventive concept

DC gain of first 57.01 57.01 57.01

amplification unit (dB)

Unity gain bandwidth 1.35 0.991 1.32

of first amplification

unit (GHz)

Phase margin of 61.1 48.7 65.0

first amplification

unit (%)

DC gain of system 49.0 49.0 49.0

loop (dB)

Phase margin of -14.3 69.2 76.0

system loop (°)

When the inventive concept is not applied, a phase margin
of a system loop of a fully differential signal system has a
negative value. Accordingly, the fully differential signal
system may oscillate during an operation. For a stable
operation of the fully differential signal system, a stabiliza-
tion unit may be connected according to an embodiment of
the inventive concept.

In particular, when only a capacitor is connected as a
stabilization unit, a value of a phase margin of a system loop
is increased so that a fully differential signal system may
operate stably. However, a value of a unity gain bandwidth
of a first amplification unit may be reduced. Accordingly, a
fully differential signal system including only a capacitor
may be utilized usefully when a frequency of an input signal
is low.

On the other hand, when a capacitor and a resistor are
connected in series as a stabilization unit, a value of a unity
gain bandwidth of a first amplification unit may be increased
again. Additionally, the stability of a system loop may be
further improved. A fully differential signal system includ-
ing a serial connection of a capacitor and a resistor may be
utilized usefully even when a frequency of an input signal is
high.

The above description is an example for helping under-
standing the inventive concept, and it is apparent that the
inventive concept is not limited thereto. Each component
may be implemented in another configuration or imple-
mented to include another circuit by those skilled in the art.
In a fully differential signal system having a modified
configuration, characteristic values different from those in
the above descriptions may be obtained. However, the fully
differential signal system having the modified configuration
may also show effects according to the inventive concept.
That is, according to the inventive concept, a fully differ-
ential signal system operating stably with improved perfor-
mance may be obtained.

FIG. 16 is a block diagram illustrating a configuration of
a fully differential signal system according to another
embodiment of the inventive concept. A fully differential
signal system 400 includes a first amplification unit 410, a
common mode detection unit 420, a second amplification
unit 430, a first stabilization unit 440, and a second stabili-
zation unit 450.
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The first amplification unit 410 may receive an input
differential signal P_IN and N_IN. Furthermore, the first
amplification unit 410 may receive a common mode feed-
back signal CMF. The common mode feedback signal CMF
is a signal for maintaining a DC operating point of the first
amplification unit 410. The common mode feedback signal
CMF may be provided from the second amplification unit
430. Functions of the second amplification unit 430 are
described later. The first amplification unit 410 may generate
an output differential signal P_OUT and N_OUT. The first
amplification unit 410 may include a first output terminal
OUT_and a second output terminal OUT_2 for outputting
the output differential signal P_OUT and N_OUT, respec-
tively. Therefore, the fully differential signal system 400
may transmit signals properly without significantly being
affected by noise.

The common mode detection unit 420 may receive the
output differential signal P_OUT and N_OUT. As an
embodiment of the inventive concept, the common mode
detection unit 420 may be connected to the first output
terminal OUT_1 and the second output terminal OUT_2 of
the first amplification unit 410. The common mode detection
unit 420 may detect a common mode signal included in the
output differential signal P_OUT and N_OUT. The common
mode signal, for instance, may be noise included in power
supply. The common mode detection unit 420 may generate
the detected common mode signal DCM based on a detec-
tion result.

The second amplification unit 430 may receive the
detected common mode signal DCM. Furthermore, the
second amplification unit 430 may receive a reference signal
REF. The second amplification unit 430 may generate the
common mode feedback signal CMF based on the detected
common mode signal DCM and the reference signal REF.
The second amplification unit 430 may include a feedback
signal output terminal OUT_F for outputting the common
mode feedback signal CMF. The common mode feedback
signal CMF may be provided to the first amplification unit
410. When the fully differential signal system 400 includes
a common mode feedback circuit formed by a loop along the
common mode detection unit 420 and the second amplifi-
cation unit 430, it may be insensitive to a mismatch between
elements, a fluctuation of power supply, and a process error.

The first stabilization unit 440 may be connected between
the first output terminal OUT_1 of the first amplification unit
410 and the feedback signal output terminal OUT_F of the
second amplification unit 430. The first stabilization unit 440
may include a first resistive unit and a first capacitive unit.
The first resistive unit and the first capacitive unit may be
connected in series. That is, the first stabilization unit 440
may be configured to have the characteristic of the following
Equation 1 in a frequency domain.

N [Equation 1]
JjoC

(where R is a resistance value, C is a capacitance value, and
 is a frequency value)

As an embodiment of the inventive concept, the first
resistive unit and the first capacitive unit in the first stabi-
lization unit 440 may be one resistive element and one
capacitive element, respectively. However, the inventive
concept is not limited to the above embodiment. Each of the
first resistive unit and the first capacitive unit may be
implemented with any device or any circuit having a resis-
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tance component and a capacitance component. Alterna-
tively, if one device or one circuit has a resistance compo-
nent and a capacitance component simultaneously, the first
stabilization unit 440 may include only the one device or the
one circuit.

As an embodiment, in the first stabilization unit 440, one
end of the first resistive unit and one end of the first
capacitive unit may be connected to each other. The other
end of the first resistive unit may be connected to one of the
first output terminal OUT_1 and the feedback signal output
terminal OUT_F. The other end of the first capacitive unit
may be connected to one that is not connected to the other
end of the first resistive unit from among the first output
terminal OUT_1 and the feedback signal output terminal
OUT_F. That is, it is enough that the first stabilization unit
440 includes a serial connection of the first resistive unit and
the first capacitive unit. Therefore, the first stabilization unit
440 may have the characteristic of Equation 1 in a frequency
domain.

The second stabilization unit 450 may be connected
between the second output terminal OUT_2 of the first
amplification unit 410 and the feedback signal output ter-
minal OUT_F of the second amplification unit 430. The
second stabilization unit 450 may include a second resistive
unit and a second capacitive unit. The second resistive unit
and the second capacitive unit may be connected in series.
That is, the second stabilization unit 450 also may be
configured to have the characteristic of Equation 1 in a
frequency domain.

As an embodiment of the inventive concept, the second
resistive unit and the second capacitive unit included in the
second stabilization unit 450 may be one resistive element
and one capacitive element, respectively. However, the
inventive concept is not limited to the above embodiment.
Each of the second resistive unit and the second capacitive
unit may be implemented with any device or any circuit
having a resistance component and a capacitance compo-
nent. Alternatively, if one device or one circuit has a
resistance component and a capacitance component simul-
taneously, the second stabilization unit 450 may include only
the one device or the one circuit.

In the second stabilization unit 450, one end of the second
resistive unit and one end of the second capacitive unit may
be connected to each other. The other end of the second
resistive unit may be connected to one of the second output
terminal OUT_2 and the feedback signal output terminal
OUT_F. The other end of the second capacitive unit may be
connected to one that is not connected to the other end of the
second resistive unit from among the second output terminal
OUT_2 and the feedback signal output terminal OUT_F.
That is, it is enough that the second stabilization unit 450
includes a serial connection of the second resistive unit and
the second capacitive unit. Therefore, the second stabiliza-
tion unit 450 may have the characteristic of Equation 1 in a
frequency domain.

According to the first capacitive unit and the second
capacitive unit, a value of a first frequency at which the first
pole of the fully differential signal system 400 is formed may
be reduced. Furthermore, according to the first capacitive
unit and the second capacitive unit, a value of a second
frequency of which value is greater than the value of the first
frequency and at which the second pole is formed may be
increased. Therefore, the fully differential signal system 400
may operate stably.

According to the first resistive unit and the second resis-
tive unit, a zero may be formed at a third frequency that has
a value greater than the value of the second frequency.
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According to the formed zero, the second pole may be
compensated. Therefore, the characteristic of the first stabi-
lization unit 440 and the second stabilization unit 450 may
be improved. That is, according to the first stabilization unit
440 and the second stabilization unit 450, the fully differ-
ential signal system 400 operating stably with improved
performance may be obtained. Effects obtained by the
connection of the first stabilization unit 440 and the second
stabilization unit 450 is described above with reference to
FIGS. 3 to 10 and FIGS. 12 to 15. Furthermore, the
above-mentioned effects may be obtained with the connec-
tion of the first stabilization unit 440 and the second stabi-
lization unit 450 having a simple configuration, without a
complex circuit or high power consumption.

According to an embodiment of the inventive concept, a
fully differential signal system may operate stably. Accord-
ing to another embodiment of the inventive concept, an
operation performance of a fully differential signal system
may be improved while the fully differential signal system
stably operates.

Device components illustrated in each block diagram are
provided for better understanding of the inventive concept.
Each block may be formed of smaller blocks according to
functionality. Or, a plurality of blocks may constitute a larger
block according to functionality. That is, the inventive
concept is not limited to components illustrated in each
block diagram.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and
scope of the inventive concept. Thus, to the maximum extent
allowed by law, the scope of the inventive concept is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A fully differential signal system comprising:

a first amplification unit comprising first and second
output terminals configured to output first and second
components of an output differential signal generated
based on an input differential signal and a common
mode feedback signal;

a common mode detection unit configured to detect a
common mode signal included in the output differential
based on the output of both the first component and the
second component of the output differential signal;

a second amplification unit comprising a feedback signal
output terminal configured to output the common mode
feedback signal generated based on the detected com-
mon mode signal and a reference signal;

a first stabilization unit connected between the first output
terminal and the feedback signal output terminal; and

a second stabilization unit connected between the second
output terminal and the feedback signal output termi-
nal.

2. The fully differential signal system of claim 1, wherein
the first amplification unit is a feedforward compensation
operational transconductance amplifier.

3. The fully differential signal system of claim 1, wherein
the second amplification unit is a single stage operational
transconductance amplifier.

4. The fully differential signal system of claim 1, wherein
the first stabilization unit is a first capacitor connected
between the first output terminal and the feedback signal
output terminal, and
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the second stabilization unit is a second capacitor con-
nected between the second output terminal and the
feedback signal output terminal.

5. The fully differential signal system of claim 4, wherein
the first and second capacitors have a same capacitance
value.

6. The fully differential signal system of claim 1, wherein
the first stabilization unit comprises a first resistor and a first
capacitor that are connected in series between the first output
terminal and the feedback signal output terminal, and

the second stabilization unit comprises a second resistor
and a second capacitor that are connected in series
between the second output terminal and the feedback
signal output terminal.

7. The fully differential signal system of claim 6, wherein
the first and second resistors have a same resistance value,
and

the first and second capacitors have a same capacitance
value.

8. The fully differential signal system of claim 6, wherein
the first and second capacitors are configured to reduce a
value of a first frequency at which a first pole is formed and
to increase a value of a second frequency, which is greater
than the value of the first frequency, at which a second pole
is formed.

9. The fully differential signal system of claim 8, wherein
the first and second resistors are configured to compensate
the second pole by forming a zero at a third frequency, which
is greater than the value of the second frequency.

10. A fully differential signal system comprising:

a first amplification unit comprising first and second
output terminals configured to output an output differ-
ential signal generated based on an input differential
signal and a common mode feedback signal;

a common mode detection unit configured to detect a
common mode signal included in the output differential
signal;

a second amplification unit comprising a feedback signal
output terminal configured to output the common mode
feedback signal generated based on the detected com-
mon mode signal and a reference signal;

a first stabilization unit comprising a first resistive unit
and a first capacitive unit, wherein the first resistive unit
and the first capacitive unit are connected in series, one
end of the first resistive unit and one end of the first
capacitive unit are connected to each other, an other end
of the first resistive unit is connected to one of the first
output terminal and the feedback signal output termi-
nal, and an other end of the first capacitive unit is
connected to one that is not connected to the other end
of the first resistive unit from among the first output
terminal and the feedback signal output terminal; and

a second stabilization unit comprising a second resistive
unit and a second capacitive unit, wherein the second
resistive unit and the second capacitive unit are con-
nected in series, one end of the second resistive unit and
one end of the second capacitive unit are connected to
each other, an other end of the second resistive unit is
connected to one of the second output terminal and the
feedback signal output terminal, and an other end of the
second capacitive unit is connected to one that is not
connected to the other end of the second resistive unit
from among the second output terminal and the feed-
back signal output terminal.

11. The fully differential signal system of claim 10,

wherein the first and second capacitive units are configured
to reduce a value of a first frequency at which a first pole is
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formed and to increase value of a second frequency, which
is greater than the value of the first frequency, at which a
second pole is formed.

12. The fully differential signal system of claim 11,
wherein the first and second resistive units are configured to
compensate the second pole by forming a zero at a third
frequency, which is greater than the value of the second
frequency.

13. A fully differential signal system comprising:

a first amplification unit comprising first and second
output terminals configured to output an output differ-
ential signal generated based on an input differential
signal and a common mode feedback signal;

a common mode detection unit configured to detect a
common mode signal included in the output differential
signal;

a second amplification unit comprising a feedback signal
output terminal configured to output the common mode
feedback signal generated based on the detected com-
mon mode signal and a reference signal;

a first stabilization unit connected between the first output
terminal and the feedback signal output terminal; and

a second stabilization unit connected between the second
output terminal and the feedback signal output termi-
nal,

wherein the first stabilization unit comprises a first resis-
tor and a first capacitor that are connected in series
between the first output terminal and the feedback
signal output terminal.
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